The extraction of lamellar systems with ethylene diamine tetra-acetic acid (EDTA) causes an un coupling of photophosphorylation from electron transport1-3. A protein species, the coupling factor, isolated from spinach chloroplasts has been shown to reinstate photophosphorylation of EDTA treated chloroplasts3-6. The coupling factor (CFt) can be converted into Ca2® dependent ATPase by heat treat ment, trypsin digestion or incubation with 1,4-dithiothreitol 4 > 5i 7-9. By studying the morphology of latent Ca2® dependent ATPase in electron micro graphs several laboratories 8 > 10,11 have attempted to identify the coupling factor with the quantasomes 12.
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tio n 13. In addition to coupling factor, the EDTA extracts of water washed thylakoids contain several other proteins including carboxydismutase7. The carboxydismutase is the major protein component of the chloroplast stroma and little is known of the few percent of this enzyme which is found associated with the thylakoids and removable only after EDTA treatment. Following earlier considerations and methods 13 in this communication we report serolo gical evidence for the presence of coupling factor and carboxydismutase on the outer surface of the thylakoids.
Materials and Methods

Isolation of chloroplasts:
Plastids were isolated from green house grown Antirrhinum majus Sippe 50 and Nicotiana tabacum L. 'aurea' mutant (Su/su) described by B u r k and M e n s e r 14. From Antirrhinum chloro plasts were isolated according to the method of K r e u t z 9 A. B e n n u n and E. R a c k e r , J . biol. Chemistry 24 4, 1325 [1969] . 10 E. N. M o u d r i a n a k i s , S. H . H o w e l l , and A. E. K a r u , in:
Comparative Biochemistry and Biophysics of Photosynthe sis, eds. K . S h i b a t a , A. T a k a y a m a , A. T. J a g e n d o r f , and R . C. F u l l e r , Univ. Tokyo Press 1968, p. 67. 11 S . M u r a k a m i , in : Comparative Biochemistry and Biophy sics of Photosynthesis, eds. K. S h i b a t a , A. T a k a y a m a , A. T. J a g e n d o r f , and R . C. F u l l e r , Univ. Tokyo Press, 1968, p. 82. 12 R . B . P a r k and J . B i g g i n s , Science [Washington] 1 4 4, and M e n k e 13 while for the tobacco aurea mutant a modified method using the 0.8 m sucrose -0.02 m tris -0.01 M sodium chloride, pH 8.0 (STN) medium described by K a r u and M o u d r i a n a k i s 7 was employed.
Purification of coupling factor and carboxydismutase:
The chloroplasts were extracted with 0.02 M tris buffer at pH 8.0 containing 0.01 M NaCl and sub sequently with 1 m M EDTA adjusted to pH 8.0 as described by H o w e l l and M o u d r i a n a k i s 8. Carboxvdismutase was purified from buffer washed supernatant solutions according to the method described by T r o w n 16. The coupling factor was purified from the supernatant solutions of EDTA washes in two ways, a) According to B e n n u n and R a c k e r 9. b) According to H o w e l l and M o u d r i a n a k i s 8.
Analytical methods: Polyacrylamide disc gel elec trophoresis was carried out using l 1/2% gels and trisglycine buffer at pH 8.5 according to the standard procedure described 17. ATPase assay was performed essentially as described by V a m b u t a s and R a c k e r 4 except that 1,4-dithiothreitol treated coupling factor was used. The photophosphorylation was measured as described by A v r o n 18 and carboxydismutase activity was determined as previously described 19. The protein and chlorophyll determinations were made by the method of L o w r y et al. 20 and M a c k i n n e y 21 respec tively.
JJltrasonication and French press treatment: Iso lated lamellar systems (10 to 20 mg/ml) in distilled water were subjected to 8 micron sound waves of fre quency 19 Kc/s for 8 x 30 sec at 0 °C in a MSE Ultra sonic Power Unit. The French press disruption was achieved by passing a similar preparation through a needle valve at a pressure of 2.5 tons/cm2.
Electron microscopy: All the material for micro scopy was obtained from Antirrhinum majus. The me thod of negative contrasting was performed as pre viously described 22. The pictures were taken with an Elmiskop 101 with object room cooling.
Preparation of antibodies: Only electrophoretically homogeneous proteins were used to immunice rabbits. The immunization of rabbits was performed in dupli cate. The animals were bled from the ear, non-immuneserum was collected and the rabbits were immunized by 3 successive injections. The first injection contained 5 mg of the protein with lm l of complete Freund's Adjuvant (Difco Lab., Detroit, Michigan, USA) and was made subcutaniously in the hind paw. At the 40th and 42nd day after the first injection 3 and 5 mg of the protein in 0.85% (w/v) NaCl respectively were in jected intraveniously in the ear as booster. Testing the immunity of the serum was started one week after the [I960]. 19 C. G. K a n n a n g a r a , Plant Physiol., in press [1969] . last injection. The diffusion precipitation tests were per formed according to O u c h t e r l o n y ' s double diffusion in agar technique 23.
Results
The purified carboxydismutase and coupling fac tor (CFj) contained a single protein band when ana lysed with polyacrylamide disc gel electrophoresis (Fig. 3) . The coupling factor showed a slightly faster mobility towards the anode than carboxy dismutase. Electron micrograph of coupling factor (Fig. 6 *) shows somewhat uniform particles of about 90 Ä in diameter 8. We assume that these round or square looking particles are single molecules. Occasionaly particles of rectangular shape about 90 x 40 Ä in size were to be seen on the pictures (Fig. 6 ). If we exclude dissociation products or contamination these particles could represent the molecules in profile view. According to this assump tion the plate-like molecules of the coupling factor would have almost the same thickness as the protein layer of the thylakoids 24.
The antibodies prepared against coupling factor and carboxydismutase showed specific agglutination reactions with their respective antigens (Fig. 4 ). There were no cross reactions between coupling fac tor and the antibody against carboxydismutase or vice versa. Furthermore the respective biochemical activities of the antigens were inhibited by the homo logous antibodies. The purified carboxydismutase of tobacco fixed 14C 02 at the rate of 1.8//moles/mg protein/min and showed no Ca29 dependent ATPase activity even after 3 hours incubation with 1,4-di thiothreitol. Preincubation of 3 mg of enzyme with 1 ml of immuneserum containing 97 mg of protein caused an 80% inhibition of carboxydismutase acti vity (Table 1) . The purified coupling factor showed no carboxydismutase activity and after incubation with 5 mM 1,4-dithiothreitol for 2 hours at 20° hydrolysed ATP at the rate of 29 //moles Pj/mg pro tein/min. The antibody against coupling factor in hibited the Ca20 dependent ATPase activity of the Table 1 . The inhibitions of carboxydismutase activity by the antibody to the enzyme. Carboxydismutase (3 mg) was pre incubated for 2 hr at 4° with aliquots of immuneserum made up to 0.5 ml with non-immuneserum. The reaction mixture for enzyme assay constituted in 1 ml the following in Mmoles: tris 15; cysteine 0.5; MgCl2 2; ribulose 1,5-diP 50; NaH14C 03 50 (50 /xc) and pH adjusted to 8.0 with HC1. After 10 min incubation at 25° the reaction was stopped with 0.4 ml of 50% (w/v) trichloroacetic acid.
antigen (Fig. 1) . Incubation of 1,4-dithiothreitol treated coupling factor (5 0 //g) with 0.5 ml of im muneserum inhibted 85.5% ATPase activity. The inhibition of the photophosphorylation in tobacco plastids by anti-coupling factor is shown in Fig. 2 . Preincubation of tobacco plastids with 0.4 to 0.5 ml of immunneserum caused an almost 100% inhibition of photophosphorylation. Fig. 2 . Inhibition of photophosphorylation of tobacco aurea mutant chloroplasts by the antibody against latent Ca2® de pendent ATPase. The reaction mixture in 3 ml contained the following in ^moles: tris 50 (pH 7.8) ; NaCl 60; MgCl2 12; Na-ascorbate 30; Na,K-phosphate 15 (pH 7.8); ADP 15; PMS 0.1 and chloroplasts (40 fxg chlorophyll) with varing amounts of immune serum. The protein concentrations of all vessels were maintained at the same level using non-immune serum. Vessels were exposed to light at 45000 lux for 6 min at 20° and reaction stopped with 0.5 ml of 50% (w/v) trichloroacetic acid.
Isolated lamellar systems from Nicotiana tabacum or Antirrhinum majus were agglutinated with the antibodies against either coupling factor or carboxy dismutase (Fig. 5 b) . Therefore the coupling factor and carboxydismutase molecules are located on the surface of the thylakoids. In respect to coupling fac tor this is in agreement with the results of BERZBORN et a l.13. Attempts to remove these antigens from the lamellar system by washing them with water or tris buffer (0.02 M , pH 8.0) were not successful. Tobac co lamellar systems washed 3 to 5 times with 1.0 m M EDTA completely lost their capacity to agglutinate with the antibodies against carboxydismutase and coupling factor. Lamellar system of Antirrhinum on the other hand gave similar results when washed 3 to 5 times with 0.7 m M EDTA. Thus the optimal concentration of the chelating agent for removing the antigens from the thylakoids of the two species ap pears to be different. The agglutinating property of the lamellar systems was restored when they were preincubated with purified carboxydismutase or coupling factor. The coupling factor and carboxy dismutase purified from tobacco were equally effec tive as the proteins isolated from Antirrhinum in re novating the activity of EDTA treated Antirrhinum lamellar systems (Table 2 ).
In negative contrasted preparations the thylakoid membrane shows in profile view a smooth surface (Fig. 9 a) . Only if the membrane is desintegrated to the extent that it shows a particle structure, the thylakoids have uneven bounderies (Figs. 8, 9 a, 10 *). We were unable to observe uniformly arranged particles attached to the surface, although the presence of coupling factor was serologically de monstrated in these preparations. Random attached particles of various sizes could be observed on the thylakoid surface only when such particles were also distributed in the environment of the thylakoids on the supporting membrane (Fig. 9 b) . Therefore it is open to question that these particles are secondarily adsorbed to the thylakoids during preparation. Thylakoids devoid of attached particles appear in surface view either homogenious or they show structures of various sizes up to 40Ä (Fig. 7) . The different appearances of the thylakoids in negative contrasted preparations can be the result of an in cidental distribution of the contrasting material and the various conservation of the molecular structure of the single thylakoids. EDTA treatment produces a partial disintegration of the thylakoid membrane. In profile view carboxydismutase and coupling fac tor free membranes show holes or deepenings (Figs. 8, 10 ). When observed in surface view the thylakoids show a loose particulate structure. It seems that by extraction with EDTA solutions a considerable quantity of membrane material is dis solved. It is worth noting that after complete extrac tion of coupling factor and carboxydismutase some times one can observe particles still attached to the thylakoid surface.
Sonication or French press treatment of A ntir rhinum lamellar systems resulted in a transparent green suspension. Only a part of such suspensions precipitated with the antisera against coupling factor and carboxydismutase. Centrifugation of the above suspension at 35 000 g separated a green super natant from a green pellet. Electron microscopic observations of the latter showed single thylakoids and stacks of two or three of them (Fig. 9 a) . In contrast the green supernatant contained only small fragments of the thylakoid membrane (Fig. 9 c) . The biggest of these fragments had almost the dia meter of the quantasomes. The supernatant was not precipitable by the antisera either directly or in directly, while the pellet was agglutinated directly. The 35 000 g supernatant was preincubated with purified carboxydismutase or coupling factor and then incubated with anti-carboxydismutase or anti coupling factor. The precipitate obtained under this treatment was white, indicating that the added pro tein was not adsorbed to the green fragments of the thylakoid membrane. Thus these fragments are free of carboxydismutase and coupling factor and do not have the capacity to adsorb them.
In an attempt to determine the ratio of coupling factor free and coupling factor containing parts of the thylakoid membrane, isolated lamellar systems in distilled water were sonicated and the amount of the pellet and the supernatant was determined gravimetrically. We obtained 37% on dry weight basis of the lamellar system in the supernatant. The pellet was subjected to the same procedure twice more. The concentrations of the supernatants were 7 -9% and 4 -5% respectively of the orignal dry weight of the lamellar system. Thus it may be as sumed, that 40 to 50% of the dry weight of the lamellar system constitute coupling factor and carb oxydismutase free regions. The chlorophyll content of the supernatant (13.6%) and the pellet (13.9%) showed no significant difference to the chlorophyll content of the entire lamellar system (13.5%). In these preparations the chlorophyll a : b ratio was also the same within experimental error.
Discussion
A prerequisite for the use of antibodies in loca lizing a given protein in a membrane is to obtain an antiserum specific only for the protein concerned. The proteins used in this investigation showed one intense band on electrophoretic analysis. However, the presence of small impurities cannot be excluded.
